BACKGROUND: Preterm birth is the leading cause of neonatal death and handicap in survivors. Although twins are found in 1.5% of pregnancies they account for about 25% of preterm births. Randomized controlled trials in singleton pregnancies reported that the prophylactic use of progestogens, cervical cerclage and cervical pessary reduce significantly the rate of early preterm birth. In twin pregnancies, progestogens and cervical cerclage have been shown to be ineffective in reducing preterm birth. OBJECTIVE: The objective of this study was to test the hypothesis that the insertion of a cervical pessary in twin pregnancies would reduce the rate of spontaneous early preterm birth. STUDY DESIGN: This was a multicenter, randomized controlled trial in unselected twin pregnancies of cervical pessary placement from 20 þ0 e24 þ6 weeks' gestation until elective removal or delivery vs. expectant management. Primary outcome was spontaneous birth <34 weeks. Secondary outcomes included perinatal death and a composite of adverse neonatal outcomes (intraventricular haemorrhage, respiratory distress syndrome, retinopathy of prematurity or necrotizing enterocolitis) or need for neonatal therapy (ventilation, phototherapy, treatment for proven or suspected sepsis, or blood transfusion). Analysis was by intention to treat. This trial is registered in the ISRCTN registry, number 01096902. RESULTS: A total of 1,180 (56.0%) of the 2,107 eligible women agreed to take part in the trial; 590 received cervical pessary and 590 had expectant management. Two of the former and one of the latter were lost to follow up. There were no significant differences between the pessary and control groups in rates of spontaneous birth <34 weeks (13.6% vs. 12.9%; relative risk 1.054, 95% confidence interval [CI] 0.787-1.413; p¼0.722), perinatal death (2.5% vs. 2.7%; relative risk 0.908, 95% CI 0.553-1.491; p¼0.702), adverse neonatal outcome (10.0 vs. 9.2%; relative risk 1.094, 95% CI 0.851-1.407; p¼0.524) or neonatal therapy (17.9% vs. 17.2%; relative risk 1.040, 95% CI 0.871-1.242; p¼0.701). A post hoc subgroup analysis of 214 women with short cervix (25 mm) showed no benefit from the insertion of a cervical pessary. CONCLUSION: In women with twin pregnancy, routine treatment with cervical pessary does not reduce the rate of spontaneous early preterm birth.
Key words: Arabin pessary, cervical length, neonatal morbidity, prematurity, preterm birth, sonographic short cervix, twins P reterm birth is responsible for >70% of all neonatal and infant deaths. 1 Additionally, children born preterm, compared to those born at term, have a 10-fold increase in risk of cerebral palsy. 2 Twins, with a prevalence of 1.5% of pregnancies, 3 account for about 25% of preterm births.
1 Mortality and morbidity are inversely related to gestational age at delivery and are therefore more common in cases with early preterm birth. 1, 4, 5 Randomized controlled trials (RCT) in singleton pregnancies with short cervical length reported that the prophylactic use of progesterone reduces significantly the rate of preterm birth and neonatal morbidity. [6] [7] [8] [9] Cervical cerclage in singleton pregnancies with short cervix is beneficial only in the subgroup with history of preterm birth. 10, 11 In twin pregnancies, progestogens and cervical cerclage have been shown to be ineffective in reducing preterm birth. [11] [12] [13] [14] [15] An alternative approach for prevention of preterm birth is transvaginal placement of a silicone pessary around the cervix; this is thought to support the cervix and change its direction toward the sacrum, thereby reducing the direct pressure from the uterine contents on the cervical cana. 16, 17 Two RCTs, published after the start of this study, in singleton pregnancies with short cervix provided contradictory results on the effect of cervical pessary on the rate of spontaneous birth at <34 weeks; in 1 study, the pessary reduced the rate from 27e6%, 18 but in the second study of 108 pregnancies there was no significant effect (5.5% vs 9.4%). 19 A RCT in 813 unselected multiple pregnancies, published after the start of this study, reported that cervical pessary did not reduce significantly the rate of birth at <32 weeks (12% vs 10%), but in an unplanned subgroup analysis of 133 patients with cervical length <38 mm the rate was reduced (29% vs 14%). 20 The objective of this multicenter RCT was to test the hypothesis that the insertion of a cervical pessary in twin pregnancies, compared to expectant management, would reduce the rate of spontaneous birth at <34 weeks' gestation.
Materials and Methods

Study design and participants
This was an open-label randomized study of cervical pessary vs expectant management in twin pregnancies in 23 All patients with twin pregnancies undergoing routine ultrasound examination at 20 þ0 e24 þ6 weeks' gestation for assessment of fetal anatomy and measurement of cervical length were eligible for the study. Exclusion criteria were maternal age <16 years, fetal death, major fetal defect, severe twin-to-twin transfusion syndrome or selective fetal growth restriction, cervical cerclage in situ, painful regular uterine contractions, and history of ruptured membranes diagnosed before randomization.
Women agreeing to participate in the study gave written informed consent. The study was approved by the National Research Ethics Committee in the United Kingdom, as well as the local ethics committees of the participating hospitals outside of the United Kingdom. The trial was registered in the International Standard Randomized Controlled Trials registry, number N01096902.
Randomization
Eligible patients were randomized in a 1:1 ratio to either cervical pessary or expectant management, using a World Wide Webebased application with a computer-generated random-number list. In the random-sequence generation there were no restrictions, such as block size or stratification by site. At each center the patients agreeing to participate in the study were registered with a central computer that then instructed the operator as to whether the patient should receive a cervical pessary or be managed expectantly. Consequently, there was no way for study personnel to know or guess the group assignment prior to allocation.
Procedures
Gestational age was determined from the menstrual history and confirmed from the measurement of the crown-rump length of the bigger fetus at 11e13 weeks' gestation. 21 At the same scan chorionicity was determine from examination of the junction between the intertwin membrane and the placenta. 22 Cervical length was measured by transvaginal ultrasound examination at 20e24 weeks with patients, who had emptied the bladder, placed in the dorsal lithotomy position as previously described, 23 by operators with certification of competence in the technique (Fetal Medicine Foundation Certificate of Competence in Cervical Assessment).
Cervical pessaries (Conformite Europeene marking 0482), which consist of flexible silicone, were purchased from the manufacturer (Dr Arabin GmbH & Co, Witten, Germany). Speculum examination was carried out to inspect the cervix for any pathology and obtain a high vaginal swab for bacteriological examination. If there was offensive vaginal discharge antibiotic therapy was given and insertion of the pessary was delayed until the discharge subsided. The pessary was inserted through the vagina with the woman in the recumbent position and placed upward around the cervix. 16, 18 The research team members introducing the cervical pessaries received instruction on selecting the appropriate size and introducing the device.
Women in the control group received the same obstetrical care as those in the pessary group. Follow-up visits for ultrasound assessment of fetal growth and cervical length were carried out every 4 weeks until 34 weeks' gestation. If after 26 weeks the cervical length was <10 mm, steroids were administered for fetal lung maturation. At the time of randomization, the participants were informed that a symptom related to the insertion of the pessary could include increased vaginal discharge. At each follow-up visit we asked the participants in both arms of the study and recorded their answer as to whether they had noted an increase in severity or frequency of this symptom and whether they had developed any new symptoms since the beginning of treatment. Women reporting increased vaginal discharge were examined by a doctor for evidence of infection; bacterial swabs were taken and antibiotic therapy was given without removal of the pessary.
The cervical pessary was removed by a simple vaginal examination at 37 weeks' gestation in asymptomatic patients. Earlier removal of the pessary was undertaken if: firstly, there was medically indicated induction of labor or elective cesarean delivery; secondly, there was preterm labor not responding to tocolytic therapy or preterm prelabor rupture of the membranes or active vaginal bleeding; and thirdly, at patient request because of discomfort.
Quality control of screening, handling of data, and verification of adherence to protocols at the different centers were Report of Major Impact OBSTETRICS ajog.org performed on a regular basis by the trial coordinators. Data on pregnancy outcomes were obtained from hospital maternity records or the patients' general medical practitioners. The records of all patients delivering at <34 weeks were examined to determine whether the birth was medically indicated or spontaneous. Spontaneous births included those with spontaneous onset of labor and those with rupture of membranes before labor.
Outcome measures
The primary outcome was spontaneous birth from randomization to <34 weeks (237 days) of gestation. The secondary outcome measures were: birthweight (mean <2.5 kg and <1.5 kg), perinatal death, composite of major adverse events for the neonate before discharge from the hospital (intraventricular hemorrhage, respiratory distress syndrome, retinopathy of prematurity, or necrotizing enterocolitis), composite of neonatal therapy (ventilation, phototherapy, treatment for proven or suspected sepsis, or blood transfusion), and major maternal complication attributable to the pessary.
Statistical analysis
The sample size calculation was based on detecting a treatment effect that produces a one-third reduction in the incidence of spontaneous delivery between randomization and 33 þ6 weeks from an anticipated 13% in the expectant management group. In the computer simulations it was assumed that the distribution of cervical lengths and risks in the expectant group were the same as previously reported in our population. 24 Using logistic regression analysis, with adjustment for cervical length, a total sample of 1180 patients has 85% power of detecting this difference at a (2-tailed) significance level of 5%.
Statistical analyses were by intention to treat and no interim analyses were performed. Baseline data for the cervical pessary and expectant groups were summarized by the median and the interquartile range. Comparisons between groups were performed with the use of the Mann-Whitney U test.
Univariate comparisons of dichotomous data were performed with the use of Fisher exact test. The P values for all hypothesis tests were 2-sided and P <.05 was considered to indicate statistical significance. The risk of spontaneous preterm birth <34 weeks was quantified by the relative risk and 95% confidence interval (CI). The risk of spontaneous birth from randomization until 34 weeks was assessed using Kaplan-Meier analysis, 25 where gestational age was the time scale, spontaneous birth was the event, and elective deliveries were treated as censored. For the purposes of this analysis, all pregnancies were considered to be no longer at risk for the event at the start of the 34th week. Hazard ratios were estimated with the use of the Cox proportional hazards model, with a formal test of the proportional hazards assumption. 25, 26 Odds ratios were converted to relative risk with the use of the method of Zhang and Yu. 27 Results on perinatal and neonatal outcome were examined both at the pregnancy and fetal/neonatal level because of the potential of nonindependence of outcomes from the 2 twins arising from the same pregnancy.
Post hoc analysis
We conducted a post hoc analysis to examine the effect of cervical pessary in patients with short cervix (25 mm). The reason for undertaking this analysis is that a recent RCT in multiple pregnancies reported that although the pessary was not beneficial in the total population, in an unplanned subgroup analysis of those with cervical length <38 mm the rate of early preterm birth was halved. 20 The cut-off of 38 mm was selected because only 1% of the patients had cervical length <25 mm, which was the cut-off selected for a preplanned subgroup analysis. However, in our study the cervical length was <25 mm in 18% of cases.
Role of the funding source
Funding for the study was provided by the Fetal Medicine Foundation (United Kingdom charity no. 1037116), which had no role in study design, data collection, data analysis, data interpretation, or the writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.
Results
Study population
A total of 1180 of the 2107 eligible pregnant patients agreed to take part in the trial (Figure 1 ). The participants were recruited from August 2008 through May 2011. There were 600 patients from England, 391 from Spain, 145 from other European countries, and 44 from non-European countries. There ajog.org OBSTETRICS Report of Major Impact were no important differences in baseline characteristics between the pessary and the expectant groups (Table 1) . Two pregnancies in the pessary group and 1 in the controls were lost to follow-up. Two of the patients in the control group were treated with vaginal progesterone from 26 and 28 weeks' gestation, respectively, because of cervical shortening; in both cases delivery was >34 weeks.
Outcomes
There was no significant difference between the cervical pessary and control groups in rates of spontaneous birth at <34 weeks, perinatal death, adverse neonatal event, or neonatal therapy (Table 2) . Logistic regression analysis, with adjustment for cervical length, demonstrated no significant effect of the cervical pessary in the rate of spontaneous birth at <34 weeks (odds ratio, 1.058; 95% CI, 0.740e1.511; P ¼ .7584). The cumulative percentage of patients who did not give birth spontaneously at <34 weeks was not significantly different between the 2 groups (hazard ratio, 1.061; 95% CI, 0.776e1.453; P ¼ .709) (Figure 2 ). There were no cases of maternal death or serious vaginal trauma either during insertion or removal of the pessary. There was 1 case where the pessary was associated with cervical edema requiring removal under general anesthesia. There were 4 cases of chorioamnionitis, 3 in the pessary, and 1 in the control group, including 2 in patients with miscarriage and 2 in those with preterm prelabor rupture of membranes.
Post hoc subgroup analysis
The median cervical length at randomization was 32 mm in both the pessary group and controls and in both groups there was an inverse correlation between cervical length and rate of spontaneous birth at <34 weeks, which was not significantly different between the 2 groups (Figure 3) .
Post hoc subgroup analysis of 214 patients with short cervix showed no benefit from the insertion of a cervical pessary (Table 3 ). The cumulative percentage of patients who did not give birth spontaneously at <34 weeks was not significantly different between the 2 treatment groups in either those with cervical length 25 mm (hazard ratio, 1.256; 95% CI, 0.760e2.074; P ¼ .374) or those with length >25 mm (hazard ratio, 0.975; 95% CI, 0.652e1.458; P ¼ .902) (Figure 4 ).
Adverse events
At recruitment to the trial, in the cervical pessary compared to control group, there was no significant difference in reported vaginal discharge (10.9% vs 10.2%, P ¼ .705) or pelvic discomfort (1.2% vs 1.5%, P ¼ .802). In any one of the follow-up visits, cervical pessary was associated with significantly higher rate of vaginal discharge (42.1% vs 20.4%, P < .0001), but not pelvic discomfort (5.8% vs 5.1%, P ¼ .695).
In the cervical pessary group, vaginal swabs demonstrated an infection, most commonly with Candida albicans, group B streptococcus, or Gardnerella vaginalis, in 14.0% (82/585) of cases at recruitment to the trial and in 20.9% (116/555) in any one of the follow-up visits. The respective values in the Removal of the pessary at <34 weeks' gestation
The cervical pessary was removed at <34 weeks in 22.3% (131/588) of pregnancies, including 18 for iatrogenic delivery, 34 for preterm labor, 48 for preterm prelabor rupture of membranes, and 31 for patient request. Subsequently, there was birth at <34 weeks in 94.4% (17/18) of the iatrogenic group, 90.2% (74/82) of those with preterm labor or rupture of membranes, and 22.7% (7/31) of the patient request group. In the latter group, the rate of spontaneous birth at <34 weeks was not significantly higher to that in the total group treated with pessary placement (16.1% vs 13.6%, P ¼ .589).
Comment
Main findings
The findings of this trial demonstrate that in unselected twin pregnancies, or in the subgroup with cervical length 25 mm, placements of a cervical pessary at 20e24 weeks' gestation does not reduce the rate of spontaneous early preterm birth, perinatal death, adverse neonatal outcome, or need for neonatal therapy.
The cervical pessary was well tolerated by most patients and only 5% requested removal. The pessary doubled the rate of vaginal discharge but did not increase the rate of cervicovaginal infection.
In this randomized twins cohort, the median cervical length at 20e24 weeks' gestation was 32 mm, the overall rate of spontaneous birth at <34 weeks was 13% and this rate was inversely related to cervical length. These findings are consistent with our previous study involving 1163 twin pregnancies, which was the basis for the power calculations of this trial.
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Strengths and limitations
The strengths of the study are: first, RCT with central randomization and recruitment of the desired number of patients with nearly complete follow-up; second, there were no changes to the protocol after commencement of the trial, no outcomes were selectively dropped post hoc, and the person who performed the statistical analysis was blinded to the allocated interventions; third, measurement of cervical length by appropriately trained sonographers; and fourth, the rate of spontaneous birth at <34 weeks was the same as the one estimated for the power calculations.
A potential limitation of the study is that many research team doctors were involved in the insertion of the pessary and, unlike measurement of cervical length, they did not receive supervised training in doing so. It is therefore not possible to be certain that there was appropriate insertion in all cases. Another potential limitation arises from the inevitable open-label nature of the trial that could have affected medical decision making.
Comparison with results of previous studies
A multicenter RCT in 813 unselected multiple pregnancies, including 795 with twins, reported that cervical pessary inserted at a median gestational age of 19 weeks, compared to expectant management, did not reduce significantly the rate of poor perinatal outcome (13% vs 14%) or birth at <32 weeks (10% vs 12%). 20 However, in a subgroup of 133 patients with cervical length <25th percentile (<38 mm), a pessary group (n ¼ 78) compared to controls (n ¼ 55) significantly reduced the rate of both poor perinatal outcome (12% vs 29%) and birth at <32 weeks (14% vs 29%). 20 In this trial the median cervical length was 44 mm and it was <25 mm, which was the originally planned cut-off for the subgroup analysis, in only 1% of cases. The respective values in our study, in which all measurements of cervical length were carried out by doctors with extensive experience in the technique, were 32 mm and 18%, respectively.
Conclusions and implications
Twin pregnancies are at substantially higher risk of early preterm birth than singleton pregnancies and this risk is inversely related to sonographically measured cervical length at 20-24 weeks' gestation. Insertion of cervical pessary at around 22 weeks in both unselected twins and in those with short cervix does not reduce the rate of spontaneous early preterm birth. The extent to which cervical pessary inserted <20 weeks in twins with short cervix reduces the rate of early preterm birth may require further investigation. However, before such study is undertaken it is important that the technique for measuring cervical length is standardized and the operators Report of Major Impact OBSTETRICS ajog.org demonstrate their competence in undertaking such measurements. n
